Abstract: In this study, we report the temporal occurrence and habitat and microhabitat use by anurans in two areas located in one highland marsh (brejo-de-altitude) in northeastern Brazil. Fieldwork was carried out between September 2011 and September 2012. The recorded anurans belong to 14 species distributed in five families: Hylidae (six), Leptodactylidae (five), Bufonidae, Odontophrynidae and Pipidae (one each). Vocalization activity was seasonal and concentrated in the wetter and warmer months, but correlated to rainfall only in the top in the Chapada do Araripe. Richness and abundance of calling anurans were lower in the humid forest of the slope than in Cerradão area in the top of the Chapada do Araripe. Scinax x-signatus vocalized during nine months, and along with Dendropsophus soaresi, Phyllomedusa nordestina and Physalaemus cuvieri presented the longest periods of vocalization with the highest number of species vocalizing in at the height of the rainy season. Males were recorded vocalizing in nine different microhabitats, Adenomera sp. uses leaf litter and P. cuvieri the edge of water bodies as calling site both two sampled areas. Differences in richness and abundance of anurans between the two habitats are probably due to physical characteristics, such as presence of lentic environments. Keywords: Anurofauna, microhabitat use, seasonality. Resumo: Neste estudo são descritas a ocorrência temporal e o uso de habitat e microhabitat dos anuros de duas localidades em uma área de brejo de altitude no nordeste do Brasil. As amostragens foram realizadas entre setembro de 2011 e setembro de 2012. Foram registrados anuros pertencentes a 14 espécies distribuídas em cinco famílias: Hylidae (seis), Leptodactylidae (cinco), Bufonidae, Odontophrynidae e Pipidae (uma cada). A atividade de vocalizac¸ã o foi sazonal e concentrada nos meses mais ú midos e quentes, mas correlacionada somente com as chuvas no topo da Chapada do Araripe. A riqueza e abundâ ncia de anuros vocalizando foram menores na floresta ú mida da encosta que na á rea de Cerradão do topo da Chapada do Araripe. Scinax x-signatus vocalizou durante nove meses, e juntamente com Dendropsophus minutus, D. soaresi, Phyllomedusa nordestina e Physalaemus cuvieri apresentou os períodos de vocalizac¸ão mais prolongados, com maior abundancia de indivíduos vocalizando no ápice do período chuvoso. Machos de anuros foram registrados vocalizando em nove microhabitats diferentes, Adenomera sp. utiliza serrapilheira e P. cuvieri a margem dos corpos d'á gua como sítios de vocalizac¸ão em ambas áreas amostradas. Diferenc¸as na riqueza e abundâ ncia de anuros entre os dois habitats estudados estão associadas às características estruturais dos mesmos, como a presenc¸a de ambientes lênticos. Palavras-chave: Anurofauna, uso do micro-habitat, sazonalidade.
Introduction
Anurans have a high diversity of species and life strategies (Wells 2007) . This variety has stirred the attention of researchers in the field of anuran ecology with regard to the factors that structure their communities, especially patterns of spatial and temporal distribution (Toledo et al. 2003 , Ponssa 2004 , Conte & Machado 2005 .
The use of different microhabitats, such as reproductive sites, facilitates spatial partitioning by anurans (Duellman & Trueb 1994) . Temporal distribution, on the other hand, is directly related to the physical conditions of the region, such as environment temperature and availability of temporary water bodies (Bernarde & Anjos 1999) . Besides these factors, risk of predation and competition between species are also determinant in the composition of anuran communities (Wellborn et al. 1996 , Morin 1983 , 2011 .
The reproductive activity of anurans is strongly influenced by the availability of water bodies and mild temperatures (Vieira et al. 2009 ). In Brazil, the annual rainfall and structural complexity of vegetation are strong predictors of the richness of both species and reproductive modes (Vasconcelos et al. 2010 , Xavier & Napoli 2011 , Silva et al. 2012 . Thus, species demonstrate behavioral strategies to avoid (or at least minimize) the adverse events of drought and high temperatures, and their reproductive periods coincide with the rainy period (Bertoluci & Rodrigues 2002) .
In the Caatinga of Northeast Brazil, there are the so-called ''brejos-de-altitude'' (highland marshes), wetlands on the top of mountains over 600 m with humid forest remnants of the Atlantic Forest surrounded by the xeric Caatinga vegetation (AndradeLima 1982 , Borges-Nojosa & Caramaschi 2003 . According to Vasconcelos-Sobrinho (1971) , there are 43 of these highland marshes (sensu Andrade-Lima 1982) distributed in the states of Ceará, Rio Grande do Norte, Paraíba and Pernambuco. The ''brejos-de-altitude'' occurs in plateaus and tablelands between 500 and 1.100 m (e.g., Planalto da Borborema, Chapada do Araripe and Planalto da Ibiapaba), where the orographic rains provide precipitation levels over 1.200 mm/year (Andrade-Lima 1960 , 1961 .
Only nine of the ''brejos-de-altitude'' located in the states of Ceará and Pernambuco have available data of anuran richness: RESEC Serra Negra, Brejo dos Cavalos, Triunfo, Fazenda Buriti, PARNA Catimbau (Moura et al. 2011) , Planalto da Ibiapaba (Loebmann & Haddad 2010) , Serra do Baturité (Borges-Nojosa 2007), Chapada do Araripe (Ribeiro et al. 2015) , and Serra da Aratanha (I.J. Roberto, unpublished data). Moreover data on temporal and spatial use by anurans for these highland marshes are absent.
The Chapada do Araripe region, located in the southern region of the Ceará state, is considered of high priority for conservation because of its faunistic and floristic diversity and level of vulnerability (MMA 2002) . Our objective was to investigate the reproductive modes and patterns of spatialtemporal distribution by anurans of the Chapada do Araripe. Furthermore we compare the Chapada do Araripe anuran species composition with that of other brejos-de-altitude.
Methods
The present study was carried out in the Chapada do Araripe, which occupies an area of approximately 972.000 ha, over three states (Ceará, Piauí and Pernambuco) in Northeast Brazil (Campello et al. 2000 , ICMBio 2015 . The vegetation is composed of humid forest (semi-evergreen tropical cloud forest) and dry forest (semideciduous forest) on the slope, and Cerrado, Cerradão (xeromorphe semideciduous forest), and Carrasco (high dense shrubby xerophytic vegetation) areas at the top (Araú jo et al. 1999 , Borges-Nojosa & Caramaschi 2003 .
Two areas were sampled: Trilha Ecológica do Clube Grangeiro (TECG, 07°16'47.0'' S; 39°26'17.7'' W, Alt. 691 m), Crato Municipality, located at the foothill of the Chapada and characterized by humid forest, and low soil permeability, and Fazenda Malhada Bonita (FMB, 7°21'55.55'' S; 39°26'26.23'' W, Alt. 912 m) , Barbalha, located at the top of the Chapada do Araripe in the ''cerradão'' area, and exhibiting an table-like topography with accentuated drainage, due to sandy soil (Ribeiro et al. 2012) (Figure 1a) . The mean annual precipitation of the region is 1121.25 mm, and the air temperature varies between 24 to 26°C, with the rainy season occurring from January to May (IPECE 2011) . The rainfall data were obtained in a station at Lameiro, Crato (07°14'00'' S; 39°25'00'' W) within 10 km of the two localities (FUNCEME 2012).
Estimates of richness and abundance of the adult anuran species were carried out from September 2011 to August 2012 in TECG, and from October 2011 to September 2012 in FMB. Visual and acoustic encounter surveys were performed monthly, with one collection day for each sampled community. In the dry period (September to December 2011 and June to September 2012) recordings were made during shorter periods, approximately two to three hours sample effort, but in the rainy season (January to May 2012) they started approximately at 17:00 h and lasted until the end of vocalizations, with a total effort of 110 observer-hours. Three short-term samplings (one in TECG and two in FMB) were made on nights after heavy rains (Heyer et al. 1994) , being added to the total sampling effort.
At FMB there were three water bodies, a permanent artificial pond with 1726.6 m 2 and depth up to 5 m in the rainy period and two temporary ponds: P1 with approximately 36 m 2 and 28 cm depth and P2 with approximately 18 m 2 and 39 cm depth. In FMB, the active search of anurans was performed in the margin of the permanent pond and adjacent vegetation during the sampling period. The same sampling was carried in the temporary ponds only during the rainy season, due to the short hydroperiod of these bodies of water. At TECG one perennial stream belonging to the Basin of Grangeiro River was sampled, with depth ranging from 20 cm to 85 cm. In TECG, four listening points were established, each consisting of a quadrant of 10 m, approximately 50 m from each other, with transect totaling 230 m (Figure 1b) .
The abundance of species was estimated by acoustic records with the index adopted by the North American Amphibian Monitoring Program NAAMP (Royle 2004 ): (0) no individual vocalizing; (1) vocalizations sparse, without overlapping, and number of individuals estimated between 1 and 10; (2) vocalizations overlap, but it is still possible to individualize them and to estimate the number of individuals (11 -35 individuals); and (3) formation of chorus in which the individual vocalizations are indistinguishable and the number of individuals cannot be determined (4 35) (Crouch & Paton 2002) . Moreover total abundance was considered equal to that of the month with the highest abundance (Bertoluci & Rodrigues 2002 , Vasconcelos & Rossa-Feres 2005 .
In relation to seasonality, species were classified into three groups according to their reproductive pattern (vocalization activity) (sensu Wells 1977): (I) species that showed a prolonged reproductive period, with vocalization activity for more than five months; (II) species that displayed an intermediate reproductive period, with vocalization activity lasting three to four months; and (III) species with an explosive reproductive pattern, showing vocalization activity for some nights to two months.
The microhabitats and substrates utilized for the vocalizations were classified as: vegetation, on the ground, water, rocks and leaflitter. The reproductive modes were determined on the basis of the observation of the type of oviposition and amplexus, and classified according to Haddad & Prado (2005) . For those species whose reproductive modes could not be determined by field observations, it was used literature data. Monthly rainfall was obtained at FUNCEME (2012) and the temperature and humidity were obtained periodically during the collection of data through a digital termohygrometer.
Voucher specimens were collected manually, euthanized with 2% lidocaine solution, fixed in 10% formalin and later preserved in 70% ethanol (Auricchio & Salomã o 2002) . They are deposited in Colec¸ã o Herpetoló gica da Universidade Regional do Cariri -URCA-H (Appendix 1).
The relationship between the abundance of individuals vocalizing in the sampled months and the abiotic variables (temperature, humidity and rainfall) was tested with the Generalized Least Squares (GLS) test using the program Gretl (version 1.9.92). To compare the similarity of the Chapada do Araripe species composition with that of other ''brejos-de-altitude'' a cluster analysis was performed with 1.26 PAST software (Hammer et al. 2001) , using a matrix of presence/absence of species per area and the Jaccard similarity index. To complement the matrix about the studied region, data on ''Cerradão'' and ''humid forest'' areas of Chapada do Araripe (CAR), present in Ribeiro et al. (2015) , were added. For this analysis the following locations were used: RESEC Serra Negra (SNE), Brejo dos Cavalos (BCA), Triunfo (TRI), Fazenda Buriti (FBU), PARNA Catimbau (CAT), Planalto da Ibiapaba (PIB), Serrado Baturité (SBA), and Serra da Aratanha (SAR).
Results

Richness
Anurans of 14 species distributed in five families were found (Table 1) . Hylidae presented the highest richness (six species, 42.86%), followed by Leptodactylidae (five species, 35.71%) and Bufonidae, Odontophrynidae and Pipidae, each one with one species (7.14%) Thirteen species were observed at TECG, while eleven species were recorded at FMB. Ten species were common to both environments whereas Pipa carvalhoi was only found in the FMB and Corythomantis greeningi, Hypsiboas raniceps and Leptodactylus vastus were found only in TECG.
The anurofauna of the Chapada do Araripe showed a higher similarity with the one from Planalto da Ibiapaba (0.59) and the "Brejos-de-altitude" of Ceará state formed a cluster distinct from the one formed by the ''Brejos-de-Altitude'' of Pernambuco. The coefficient of cophenetic correlation for the cluster analysis was 0.95 ( Figure 2 ).
Spatial distribution
In FMB, nine species were registered in calling activity, four with terrestrial habits (Adenomera sp., L. troglodytes, P. cuvieri, and R. jimi), four with arboreal habits (D. minutus, D. soaresi, and P. nordestina, S. x-signatus) and one with aquatic habits In TECG, five species were registered in calling activity (Adenomera sp., L. vastus, P.aridus, and P. cuvieri of terrestrial habits and the arboreal species C. greeningi). The substrates utilized by these were the following: a) ground, with a distance of 30 cm from streams, by P. aridus; b) leaflitter, under dead leaves generally in the forest at a distance over 15 m from streams by Adenomera sp.; c) rocks, inside cracks, for C. greeningi; d) and water margins of small running streams utilized by P. cuvieri and L. vastus (Figure 4) .
Six reproductive modes were recorded, according to field observations and literature data (Table 1) : Mode 1, with egg laying and development of tadpoles in lentic water, was the most common, occurring in seven species of the families Bufonidae, Odontophrynidae and Hylidae; Mode 11, where there is the construction of foam nests on the water surface and the development of the tadpoles in lentic water, was the second most representative with two Leptodactylidae species; Mode 13, foam nest floating on water accumulated in constructed basins, exotrophic tadpoles in ponds (one Leptodactylidae species); Mode 15, with eggs deposited in depressions on the dorsum of the female with indirect development in the water, (one Pipidae species); Mode 24, with egg laying on the vegetation above the water and aquatic larval development (one Hylidae species); Mode 30, with spawning in foam nests in subterranean chambers, (one Leptodactylidae species).
The terrestrial species exhibited four reproductive modes (modes 1, 11, 13 and 30), the arboreal species two (1 and 24) and the aquatic species one (mode 15). For Adenomera sp. no oviposition, amplexus, tadpoles or recently metamorphosed juveniles were observed. The reproductive modes of H. raniceps and L. mystaceus were identified from the literature.
Temporal distribution
Nine species were observed in calling activity in FMB (Adenomera sp., D. minutus, D. soaresi, L. troglodytes, P. carvalhoi, P. cuvieri, P. nordestina R. jimi and S. x-signatus), while, five species vocalized in TECG (Adenomera sp., C. greeningi, L. vastus, P. aridus, P. cuvieri). Two species (H. raniceps and L. mystaceus) vocalized outside the sampled water bodies and thus their reproductive period was not determined. Pipa carvalhoi presents aquatic vocalization activity (Weygoldt 1976) , which prevents the determination of its reproductive period.
The majority of the species showed vocalization activity during the most humid and warm months of the year (October to March; Table 2 ). However, R. jimi was found in vocalization activity during the driest months. Males of S. x-signatus vocalized for ten months in the dry as well as in rainy season, and P. nordestina and D. minutus showed a period of vocalization that started at the end of the dry season and continued throughout the rainy season.
The abundance of vocalizing anurans was greater in FMB than in TECG. In TECG, there was a maximum of three species per night of observation, with an estimated number of individuals between 1 and 10. Meanwhile in FMB, there was up to seven species per night of observation in March, and great abundance, specially of D. soaresi, P. nordestina, P. cuvieri and S. x-signatus, with more than 35 calling individuals during some nights.
Despite the greater number of species vocalizing from October to March in TECG, corresponding to rainy season, there was no correlation between the abundance of individuals vocalizing and the abiotic variables. At FMB, on the other hand, the monthly abundance of individuals vocalizing was influenced only by rainfall (Table 3 ).
In the studied areas, many species vocalized at the same time (Table 4) , and it was possible to identify two temporal vocalization patterns: (a) dusk until midnight (C. greeningi, P. aridus, Adenomera sp., L. troglodytes); (b) dusk until dawn (D. minutus, D. soaresi, P. nordestina, P. cuvieri, R. jimi, and S. x-signatus).
Discussion
Richness
In the past few years, the number of studies focusing anuran species composition in the Caatinga domain has increased (Rodrigues 2003 , Albuquerque 2012 . Even so, there is still a need for information about natural history and ecology, scant for the majority of Neotropical species, especially in Caatinga (Borges-Nojosa & Caramaschi 2003) .
The richness of anurans in the southern region of Ceará state is well inventoried. Ribeiro et al (2012) pointed 31 species of anurans for the Bioregion of Araripe, which includes the Chapada do Araripe and regions of adjacent Caatinga. This same author and collaborators (Ribeiro et al. 2015) , in a recent study recorded 25 species of anurans only for the Chapada do Araripe.
The composition of the Chapada do Araripe anuran community was similar to that of the Planalto da Ibiapaba, both being ''brejos'' that receive strong influence of xeric environments (Loebmann & Haddad 2010 ). This influence is related to historical processes of forest decline occurred in the Quaternary, which promoted the existence of these islands of rainforest surrounded by the xeric Caatinga vegetation (Ribeiro et al. 2015) .
The clustering of the ''brejos-de-altitude'' of Ceará, in a group apart from those of Pernambuco, suggests that, as stated by Santos et al. (2007) based on analysis of floral composition the ''brejos-de-altitude'' did not comprise a single biogeographical entity. It is possible that the ''brejos-de-altitude'' of Ceará form a particular center of endemism (I. J. Roberto, unpublished data).
Spatial distribution
The coexistence of several anuran species is possible due to the exploitation of microhabitats with distinct characteristics (Cardoso et al. 1989 , Pombal Jr. 1997 , Vasconcelos & RossaFeres 2005 , Kopp & Eterovick 2006 , Maffei & Jim 2011 , where the occupation of different sites of reproduction by synchronopatric species of anurans can function as a mechanism of isolation (Andrade 1994 , Á vila & Ferreira 2004 , Vieira et al. 2007 . However, other factors may have an influence in species segregation, such as differentiation in advertisement calls (Pombal Jr. 1997) , morphological and behavioral features (Crump 1974 , Toft 1985 , historical factors (Eterovick & Fernandes 2001) , seasonality, habitat and predation (Eterovick & Sazima 2000) and stochastic processes (Bonner et al. 1997) .
The number of microhabitats used was greater in FMB than in TECG, and the majority of species utilized terrestrial microhabitats as vocalization sites. It was also observed the vertical stratification of the hylids, which utilized the same substrate (vegetation) at different heights (Prado & Pombal Jr. 2005) . Dendropsophus soaresi, P. nordestina, L. troglodytes and P. cuvieri utilized the artificial lake as well as the temporary ponds for call and oviposition, indicating their plasticity with respect to the type of habitat utilized in reproduction. Scinax x-signatus and P. nordestina were the most abundant species in FMB, and are considered common species to the Caatinga.
A higher diversity of reproductive modes can be found in environments with complex vegetation structure, which provides moist microhabitats necessary to reproduction (Xavier & Napoli 2011) . In the present study, we found few reproductive modes at the two sites, being species with the mode 15 exclusively found at FMB. The majority of the species observed laid their eggs directly in the water, one of the more primitive strategies utilized by anurans. Arzabe (1999) when studied the anurans in Maturéia, a high altitude region, found similar results about the reproductive modes, with greater number of species utilizing mode 1.
Some species presented reproductive modes where the eggs are deposited in foam nests. The maintenance of eggs or larvae in development inside foam nests increases their protection against predators and desiccation (Heyer 1969) . Nests in subterranean chambers usually constructed by males, can be a refuge also for adults, besides serving as a place for oviposition (Arzabe & Almeida 1997 , Arzabe & Prado 2006 ).
Temporal distribution
Reproduction in anurans is commonly limited to certain periods of the year, and this reproductive seasonality is mainly conditioned by rain precipitation and temperature (Cardoso & Martins 1987) . The Caatinga is an environment with high temperatures, low relative humidity levels, low cloudiness and mainly low and irregular rainfall, limited in most of the area to (Reis 1976) . Accordingly, the majority of species reproduce in restricted periods of the year (Arzabe 1999 , Vieira et al. 2007 ), since the larvae need an aquatic environment to develop. In FMB, there was greater abundance of vocalizing anurans compared with TECG, possibly due to the presence of lentic water bodies, such as the artificial reservoir and temporary ponds, which shows greater stability, thereby providing higher richness of species and greater abundance of individuals (Vasconcelos & Rossa-Feres 2005) . On the other hand, in TECG the presence of lotic water body, forming streams, are subject to abrupt changes in water regime in the rainy period, which can represent risk to the integrity of egg clutches and tadpoles that can be carried away by strong flows to places not suitable to their development (Grandinetti & Jacobi 2005) .
In TECG, anuran reproductive activity was recorded only during the rainy season, because in this period there is the formation of small flooded areas where the anurans can deposit their eggs. However, March, the month with the greatest volume of rainfall (269 mm), did not presented the highest number of species vocalizing. According to Moreira & Barreto (1997) , climatic effects on anurans are known in various populations, where annual variations in precipitation generally affect the hydroperiod of the ponds, influencing the number of individuals that reproduce there.
The species C. greeningi, P. aridus, Adenomera sp. and L. troglodytes displayed relatively short periods of diel calling activity, which end up to 22:00 h, probably due to the small number of males vocalizing, because according to Cardoso & Haddad (1992) the greater the number of active individuals the greater would be the shift time. Although some species had demonstrated vocalization throughout the night, all species showed a vocalization peak in the first half of the night (earlier in the cold months and later in the warm months). This pattern, which appears to be common, remains without adequate explanation (Cardoso & Martins 1987) . Perhaps this pattern occurs because females approach reproduction sites in the beginning of the night, since they would have more time for spawning in them, avoiding predation by visually oriented animals (Pombal Jr. 1997) . Another factor that can have an influence is temperature, which is higher in the first half of the night, thereby being more suitable for vocalization, while in the second half of the night, the temperature decreases, which can limit the activity of the anurans (Cardoso & Martins 1987 , Cardoso & Haddad 1992 , Pombal Jr. 1997 .
The composition of anurans of Chapada do Araripe showed greater similarity to the Planalto da Ibiapaba and the number of reproductive modes was similar to the study conducted in the municipality of Maturéia (a high altitude area). The majority of species vocalized on the ground and the reproductive period was relatively short, coinciding with the rainy period.
